AbSTRACT. To support the determination of hydrophytic vegetation in wetland delineations in Alaska, USA, a series of tests were conducted to develop a group of "test positive" species to be used in a "cryptogam indicator." in 2004, non-vascular cryptogam species (bryophytes, lichens, and fungi) from interior and South-Central Alaska in the vicinities of Fairbanks and Anchorage were collected at a series of ten 50 × 50 cm plots along two 30 m transects in each of six upland and five wetland sites. Nineteen moss and liverwort species were selected from 86 species surveyed to test for wetland fidelity. In 2005, a plot-based analysis of frequency and cover data yielded a revised list of 17 bryophyte species that were specific to wetland communities dominated by black spruce, Picea mariana (p. Mill.) b.S.p. Fungi and lichens were found to be inadequate wetland indicators in the sampled locations because the lichen species were sparsely distributed and the fungi were too ephemeral. The cryptogam indicator was thus restricted to bryophytes. Also in 2005, bryophytes were analyzed for their presence on microtopographic positions within the landscape, including tops of hummocks and hollows at the bases of hummocks. Upland bryophyte species were found on hummock tops inside the wetland boundary, but were not abundant in the hollows (p < 0.05). The fidelity of the species selected for use in the cryptogam indicator was tested. it was determined that if more than 50% of all bryophyte cover present in hollows is composed of one or more of the 17 wetland bryophytes tested in 2005, then vascular vegetation can be considered to be hydrophytic (p < 0.001). , nous avons analysé les bryophytes afin d'en déterminer la présence à des positions microtopographiques du paysage, ce qui comprenait le sommet de hummocks et les creux à la base de hummocks. Des espèces de bryophytes montagnardes ont été décelées aux sommets de hummocks à l'intérieur de la limite des zones humides, mais celles-ci n'abondaient pas dans les creux (p < 0.05). La fidélité des espèces choisies afin d'être utilisées dans l'indicateur de sporophytes a été testée. Nous avons déterminé que si plus de 50 % de toute la couverture de bryophyte présente dans les creux est composée de l'une ou plusieurs des 17 bryophytes de zones humides testées en 2005, la végétation vasculaire peut alors être considérée comme hydrophytique (p < 0,001).
inTRoDUCTion
The U.S. Army Corps of Engineers Wetlands Delineation Manual (environmental Laboratory, 1987) , hereafter referred to as the 1987 Manual, uses three factors-hydrology, soils, and vegetation-to determine whether wetland conditions are present at any given site. To be considered a jurisdictional wetland under Sec. 404 of the Clean Water Act, a site must meet the criteria for all three parameters. For each factor, a series of field indicators is used as evidence to support particular criteria. in the case of vegetation, vascular plant species have been assigned wetland ratings corresponding to their frequency of occurrence in wetlands: obligate (obL) species occur at least 99% of the time in wetlands; Facultative Wetland (FACW) species, 67 -99%; Facultative (FAC) species, 34 -66%; Facultative Upland (FACU) species, 1 -33%; and Upland (UpL) species, less than 1% (Reed, 1988) . To meet the hydrophytic vegetation criterion at a particular site, estimated areal cover values for the vascular plants are used along with their wetland plant indicator status to determine whether or not the dominant plant species are hydrophytes. The basic rule for meeting the hydrophytic vegetation criterion is that more than 50% of the dominant vegetation must be rated as hydrophytic. Species rated as FAC, FACW, and obL are considered hydrophytic. When the vascular vegetation fails the indicator test, the site is considered to have upland vegetation. in some instances, particularly in Alaska, using existing field indicators to determine whether or not the vegetation is hydrophytic can be problematic.
Regional working groups assign wetland plant indicator status ratings across ten broad regions that typically include multiple states (Tiner, 2006) . The database supporting the national Wetland plant List (U.S. Army Corps of engineers, 2009) used by each regional working group lacks frequency data for most species. but frequencies of wetland species are well documented in the literature and by direct reports from expert field delineators and botanists working with wetland species in these regions. This reference information, along with the expertise of the working groups and input from others, is used to assign wetland indicator ratings for each species within a region. however, the resulting lists of species known to occur in wetlands do not assign wetland indicator status ratings to localized subregions or particular vegetation communities; they do not address variations in species habitat preferences or environmental settings; and they contain no standardized method of testing the accuracy of the assigned ratings for problematic species.
In Alaska, 60% of the vascular flora is rated as hydrophytic (Tiner, 2006) . hydrophytic vegetation determinations are therefore problematic because certain groups of widespread wetland plants occur in both wetlands and uplands, and the indicator status ratings used across the entire region are inadequate to capture differences in ecological distribution patterns. For example, species such as paper birch (Betula papyrifera Marsh) are rated as FACU species. but in some wetland types, Betula is the dominant genus in the stand. These cases represent locations where FACU species are expressing their ability to be hydrophytes 33% of the time (Tiner, 1991) . FACU communities fail the hydrophytic vegetation criterion, but are problematic for wetland delineation if hydric soils and hydrology indicators are present. in contrast, black spruce Picea mariana (p. Mill.) b.S.p., an FACW species, is widespread throughout interior and South-Central Alaska and is one of the most frequently delineated wetland vegetation types in Alaska (U.S. Army Corps of engineers, 2006).
The lack of accuracy in locating the hydrophytic portions within the black spruce communities is, in part, an unintended but inherent aspect of the methods used in assigning wetland plant indicator status. Since wetland indicator status ratings are assigned over large regions and frequency data for calibrating the ratings are typically lacking, regional wetland plant indicator status committees rely on literature, best professional judgment, and input from other regional experts. To address species with highly variable habitat preferences for both wetlands and uplands, the committees use broader indicator status group ratings such as FAC (species that occur in wetlands 34 -66% of the time) to address many of these less specialized wetland species. As with certain black spruce communities and their associated species, these broader wetland indicator status groups do not bring clarity in identifying what portions of the community have wetland or upland vegetation. in contrast, a cryptogam indicator associated with black spruce communities that is being developed and tested brings the needed ability to determine the hydrophytic portions of both the vascular and cryptogam aspects of the community.
non-vascular cryptogams reproduce sexually by producing spores. They include bryophytes (mosses, liverworts, and hornworts), fungi, and lichens. Cryptogams occur in all regions of the world and play an important role in a wide variety of ecosystem types (Slack, 1988; berglund and Jonsson, 2001; Gignac, 2001) . Usually, cryptogams reach their highest level of abundance and diversity in regions that have low evapotranspiration as a result of cooler temperatures and adequate precipitation (vitt et al., 1988; vellak et al., 2003; Gignac and Dale, 2005) . in the United States, cryptogam species are common in the Arctic and boreal north, the Pacific Northwest, the upper Midwest, and northern New england where suitable climatic conditions prevail (Walker, 1995; Longton, 1997; bedford and Godwin, 2003) . Most regions of Alaska have a high abundance of cryptogams (viereck et al., 1983; Ford and bedford, 1987) . in regions where cryptogam species make up a conspicuous part of the flora, they are usually included in ecological studies (Pharo and beattie, 1997; Gignac and Dale, 2005; Locky et al., 2005; Muukkonen et al., 2006) . however, wetland delineation in the United States, under Sec. 404 of the Clean Water Act, has to date included only vascular macrophytic plant species as indicators of hydrophytic vegetation.
Cryptogam species range from generalists to specialists in terms of habitat preferences (McCune and Geiser, 1997; birks et al., 1998; Mills and Macdonald, 2004) . While many species are known to be aquatic, others are limited to substrates that include rock, wood, dung, old bone, or other specialized habitats (vitt et al., 1988; Kershaw, 1995) . Mosses and lichens are dominant components of the understory of black spruce (viereck et al., 1983; Locky et al., 2005) . Species occurrences sort along gradients of environmental variables such as moisture, free water availability, shade, ph, and soil mineral content (vitt and Slack, 1984; Robinson et al., 1989; Gignac et al., 1991) .
As in this paper, we describe tests conducted to develop a list of cryptogam species with high fidelity to black spruce wetlands in the Anchorage and Fairbanks areas for use in developing a hydrophytic vegetation indicator for wetland delineation purposes.
MATeRiALS AnD MeThoDS

Study Region
Two types of field sites were selected for this study. The first included several problematic areas selected to be surveyed for developing a list of candidate species for further testing. The second was a hydrologically monitored site used to test the candidate species for wetland fidelity and then make final species selections for use in the cryptogam indicator. in 2004, we surveyed a series of black spruce communities, including bogs, fens, and blanket bogs located in the vicinities of Anchorage and Fairbanks, Alaska (Fig. 1) . These sites were suggested by local wetland delineators in the Anchorage and Fairbanks regions who identified problematic conditions confronting them in their regions. Most of these problematic sites were blanket bogs; they were located on or adjacent to gentle slopes near black spruce swamps, bogs, or fens that included parts of a wetland and adjacent uplands, as identified by the 1987 Fig. 1 ).
The University of Alaska Fairbanks (UAF) maintains a hydrologically monitored site in a black spruce community at Smith Lake to evaluate permafrost influences on nearsurface hydrology, soils, and forest conditions (Zhu, 2004) . in 2005, we used this site to test the wetland cryptogam indicator and to verify the fidelity of the pre-selected wetland cryptogams from the 2004 list of species surveyed at the Anchorage and Fairbanks sites. Monitored data at the Smith Lake site included daily ground soil moisture readings from three locations along a gradient that included upland, wetland boundary, and wetland, as identified by the 1987 Manual.
Field Surveys
Initial field samplings of cryptogams were made at the 11 black spruce forest, blanket bog, and swamp locations selected by local delineators in the Anchorage and Fairbanks areas in 2004 (Table 1, Fig. 1 ). At each site, the 1987 Manual was used to identify wetlands and uplands. Samples were collected from black spruce upland and wetland positions to explore the distribution patterns of cryptogams for later use in selecting a preliminary list of cryptogam species for further testing. The sampling locations within each site were selected on the basis of problematic wetland conditions identified by local delineators. These problematic conditions included sites where vascular plant species occurrences were nearly identical in uplands and wetlands and the differences were in the presence or absence of Table 1 for site descriptions.
hydric soils and hydrology indicators. At each of the 2004 sites, we sampled a series of ten 50 × 50 cm plots for cryptogam species presence and abundance. The plots, located at fixed intervals along two 30 m transects, each included both wetland and upland parts of a site. At each of these 11 sites, vascular plants were recorded and their abundance estimated using percent areal cover. The plot sampling for cryptogam occurrence in 2004 did not distinguish between hummocks and hollows; however, this distinction was made in 2005 as part of our test to verify species fidelity. Standard wetland delineation data for the three-factor approach were recorded from the field sites for vascular plants, soils, and wetland hydrology. Within sites, data were used to confirm whether each plot should be considered an upland or a wetland plot. The prevalence index (pi) method (Wentworth et al., 1988) was used to support the determination of hydrophytic vascular vegetation at all study sites as part of the process of determining whether sites were upland or wetland. A weighted average was computed using the plot-based pi method described in Wakeley and Lichvar (1997) . This method combines species areal cover and wetland plant indicator statuses to determine hydrophytic vegetation To test the fidelity of the cryptogam indicator in black spruce communities, detailed sampling in 2005 was limited to the hydrologically monitored site at Smith Lake. vascular vegetation was sampled for a set of three 10 × 10 m plots at each of three monitored landscape positions, determined as wetland, upland, and the wetland boundary, using the threefactor wetland delineation methods. The three plots at each landscape position were located near the monitoring instruments in the field so that cryptogam distributions could be compared to hydrologic conditions along the gradient from upland to wetland. Within each 10 × 10 m 2 vascular vegetation plot, a series of five paired sets of 25 × 25 cm cryptogam subplots were sampled using areal cover estimates. each paired sampling set included the top of a hummock and its adjacent hollow. Microtopographic positions were more subtle in the uplands, where any slight mounding was considered comparable to a hummock top and a nearby depression was considered comparable to a hollow.
The soils at the Smith Lake site were described by ping (2005) . Soils at the Smith Lake upland (Site 1) plots were determined to be a well-drained silt loam lacking any hydric soil indicators and dominated by colors including 10yR 3/4, 2.5y 5/4, and 2.5y 4/4 (Gretag-Macbeth, 2000) within the upper 40 cm. The Smith Lake wetland (Site 4) had hydric soils classified as an Uptic Histoturbel, with colors ranging from 10yR 2/2 to 10yR 3/2 muck without any redoximorphic features. Soils at the Smith Lake wetland boundary (Site 3) were classified as a Typic Histoturbel, with colors ranging from 2.5y 4/3 in the upper 23 cm to 10yR 2/1 from 23 to 37 cm in depth and without any redoximorphic features. both the wetland and the wetland boundary met the national Resource Conservation Service hydric soil indicator A1 for histosols (hurt et al., 2003) .
Cryptogam species, including bryophytes, fungi, and lichenized fungi, were collected from all sites in 2004, field-described, photographed, preserved as herbarium "voucher" specimens, and curated into the University of Alaska Mycological herbarium (fungal, lichen, and moss collections). Dry voucher specimens have been placed in various herbaria for further study as indicated (bryophytes -ADT, ALA; lichens -Le, ALA; fungi -ALA).
Data Analysis
All 2004 cryptogam data were summarized by species occurrences in wetlands and uplands in our attempt to determine their wetland frequency of occurrence. Wetland frequency was determined from the number of wetland occurrences divided by the total number of occurrences (upland + wetland). Wetland abundance by species was calculated by summing the wetland areal cover values and dividing by the total cover values from both upland and wetland occurrences. The wetland frequency and the total number of occurrences of each species were used to determine 95% confidence intervals for wetland occurrence using a binomial distribution model appropriate for data expressed as percentages (Sokal and Rohlf, 1981; Snedecor and Cochran, 1989) . The binomial confidence intervals for species occurring in 30 or more plots were calculated using an approximation with an adjustment for continuity (Snedecor and Cochran, 1989) . For less common species that occurred in fewer than 30 plots, a mathematical table of intervals was required. The binomial confidence levels were obtained using the 95% confidence interval tables of blyth and Still (1983) .
Species selected for further field testing in 2005 were those that had higher abundance, frequency, and chance of occurring in a wetland. A cryptogam species is defined as having higher abundance and frequency if our 2004 field sampling indicated it has relative cover value and frequency of occurrence of 67% or more. This value is similar to an FACW rating used for wetland vascular plants (Reed, 1988) . A species is defined as having a high confidence level if it has a binomial confidence interval of 50% or greater for occurrence in wetlands. To select the best 2004 candidate species for further testing, we then stacked these three values to determine the species with the highest potential fidelity to occurrence in wetlands (hereafter, this layering of statistical values is referred to as the study-specific Cryptogam Reliability Model, or CRM). Species meeting CRM criteria were further reviewed and compared to the literature (Slack et al., 1980; vitt and Slack, 1984; vitt et al., 1988; Gignac and vitt, 1990; Gignac et al., 1991; Camill, 1999) to validate their selection prior to further testing.
The 2005 data for cryptogams, vascular species, and selected environmental variables were summarized using non-metric MultiDimensional Scaling (nMDS) ordination. Species with low frequencies, species occurring in fewer than three subplots, and subplots with fewer than three species were dropped from the analysis. nMDS algorithms are specified in Kruskal (1964) and Mather (1976) and are considered the preferred method (Minchin, 1987) . The nMDS ordination was calculated and plotted using the R statistical software (R Development Core Team, 2008) with the vegan package using the function metaMDS with default settings and an addition of up to 500 random starting positions to reach the ideal NMDS ordination configuration. Species-level response curves were also constructed using these data. Rare species were down-weighted. The upland landscape position was double-weighted to give it a weight equal to that of the two wetland landscape positions. A CA ordination axis in CAnoCo (ter braak and Smilauer, 2004) was used to construct species response curves based on a three-parameter Gaussian distribution in CAnoDRAW (Smilauer, 2003) .
Cryptogam indicator values were calculated for each subplot. Differences in these values were tested using the Kruskal-Wallis nonparametric one-way analysis of variance (ANOVA). Dunn's pair-wise test was applied to compare the cryptogam indicator values between landscape positions using SigmaStat (SySTAT, 2004a) . Means and standard errors were calculated in SigmaStat and plotted in Sigmaplot (SySTAT, 2004b) to further describe the distribution of wetland cryptogam abundance values.
ReSULTS
Soil Hydrology
For the 2005 Smith Lake sites, the hydrology data included the soil moisture percentages recorded hourly at sites 1 and 3 (upland and wetland boundary). At the Smith Lake upland (Site 1), the soil moisture at depths of 20 cm decreased after thawing and then had brief increases after rain, indicating non-saturated conditions (Fig. 2) . At the Smith Lake wetland boundary (Site 3), constant soil moisture after thawing indicated that the soil was saturated at 35 cm, the shallowest moisture reading recorded. The Smith Lake wetland (Site 4) met the hydrology criteria for wetlands by having soils saturated to the surface and free water in a pit within 30 cm of the surface.
Vascular and Cryptogam Responses
A total of 86 cryptogam species were recorded in the 2004 study plots (Table 2) . of these, 56 taxa occurred in the upland plots and 76 taxa were observed in the wetland plots. Only five bryophyte species and five lichen species were restricted to uplands, while 19 bryophytes and 11 lichens were restricted to wetlands.
overall, there were 43 bryophyte taxa and 43 lichen taxa recorded. Despite identical overall species numbers for lichens and bryophytes, the average number of taxa observed per plot was 3.81 for bryophytes and only 2.36 for lichens (Table 3 ). The average bryophyte cover of 67.4% was nearly five times greater than the average lichen cover of 14.4%. originally lichens were to be included in the analysis, but only eight lichen species were recorded in the 2005 field data, out of a total of 37 cryptogams. Of these eight lichen species, four were observed in both uplands and wetlands (Table 2) , so we excluded lichens from further consideration because of their overlapping occurrences in both wetlands and uplands and their low cover values. Several wetland fungus species occurring outside plotted quadrats were observed during the study, but their occurrence was considered too ephemeral for their reliable use as hydrophytic vegetation indicators.
Species selected using the CRM (Fig. 3 ) were further evaluated and tested for wetland fidelity in 2005 (Table 4) . The distribution of the pre-selected wetland bryophytes in 2005 (Table 4) corresponded with pi values along the upland-to-wetland gradient. The pi values ranged from 2.85 in the uplands (Site 1) to 2.68 at the boundary (Site 3) and 2.36 in the wetland (Site 4). These shifts in pi values represent two factors: species within the wetland proper tended to have mostly FACW and obL ratings, which lowered their pi value. Also, the upland section of the black spruce stand, where hydric soils and hydrology indicators were lacking, had an increase in FAC, FACU, and UpL species that resulted in an increase of their PI values. The final 2005 list of wetland-specific bryophytes for problematic black spruce communities (Table 4) is associated with the lower wetland pi values that represent a community composed of vascular plant species that tend to have FACW and obL ratings. As summarized in an nMDS ordination (Fig. 4) , 2005 cryptogam and vascular plant species from different landscape positions at the Smith Lake sites sorted into three groups. The upland group, mostly FACU understory vascular plants from the upland site in the black spruce blanket bog forest, clustered in the lower left portion of the axis with the lichen Cladonia furcata (hudson) Schrader and mosses such as Hylocomium splendens (hedw.) b.S.G. This group was associated with an increase in bryophyte cover and a higher pi value. The wetland hummock group, consisting of typical black spruce swamp obL and FACW vascular plant species, clustered to the right of the upland group. Cryptogam species strongly associated with the wetland group were the moss Sanionia uncinata (hedw.) Loeske, an epiphyte that was found in many plots, and the lichen Peltigera aphthosa (L.) Willd. increases in understory vascular plant cover and hummock height were associated with the wetland hummock group. Located between these upland and wetland groups was the wetland boundary group, which contained vascular plants with wetland indicator status values ranging from obL to FACW. The mosses Sphagnum warnstorfii Russ., S. squarrosum Crome, and Tomenthypnum nitens (hedw.) Loeske were some of the bryophytes strongly associated with this wetland boundary group.
Species response curves (Fig. 5) capture the communitywide distribution pattern for selected species that strongly sort along the upland-to-wetland gradient. The occurrence of tussock cottongrass (Eriophorum vaginatum L.), a FACW vascular species, begins at the wetland boundary, and the species increases in abundance farther into the wetland, where it is mostly confined to the tops of wetland hummocks (Figs. 4 and 5) . The mosses Hylocomium splendens and Pleurozium schreberi (brid.) Mitt. can co-occur on the wetland hummocks but become increasingly abundant on the upland black spruce forest floor. Other moss species, such as Tomenthypnum nitens, are mainly restricted to the wetland boundary and wetland hollows. Sphagnum russowii Warnst., which occurs farther into the wetland, is also mainly restricted to the wetland hollows.
There were distinct statistical differences in the relative abundances of wetland bryophytes between the six combinations of hummocks and hollows across the upland-towetland boundary and their wetland landscape position (p = < 0.001, Kruskal-Wallis Test) . The 2005 test wetland bryophytes accounted for less than 5% of cover in the uplands (Fig. 6) ; however, a single plot contained a 30% cover for Aulacomnium palustre (hedw.) Schwaegr. This one isolated upland occurrence of A. palustre, a wetland cryptogam indicator species, was restricted to a deep hollow. The wetland bryophyte species dominated all but five of the wetland boundary hummocks. of these, two were dominated by tussock cottongrass, two by the moss Hylocomium splendens, and one by the lichen Cladonia furcata, which limited the available habitat for test bryophyte species on these hummock tops. inside the wetlands, test bryophyte species were widespread and common in the hollows, with fewer occurrences on the hummocks dominated by tussock cottongrass.
The upland site was correlated with increased bryophyte cover and pi value. The higher pi value indicates an increased presence of UpL and FACU understory species at the site. The upland vegetation also indicates that the soils have greater permeability and better ability to drain after precipitation events (Fig. 2) . hummocks were the least developed in the upland forest; we recorded only a 15.7 cm average height from the hollow bottom to the hummock top in the upland. in contrast, the Smith Lake wetland area had higher hummocks and greater vascular plant cover. in the black spruce swamp, the hummocks were well developed, with an average height of 32.8 cm, and had distinct hollows surrounding them. The increase of vascular plants was dominated by tussock cottongrass (Eriophorum vaginatum). Eriophorum is well adapted to hummock surfaces and tops, and its dense growth habit limits the presence of cryptogam species. hummock tops had a mixture of upland and wetland bryophyte species along with wetland vascular species. The wetland bryophytes were less frequent on hummocks within the wetland than on hummocks along the wetland boundary. This may be a result of differences in hummock height, relative depth to available water, and frequency of tussock cottongrass.
The species with the highest fidelity to wetlands were located in the hollows, regardless of whether they were at the base of hummocks, within the wetlands, or in the bottoms of the rolling moss hummocks along the wetland edge. The wetland boundary and wetland hollows were closely associated in the nMDS ordination axis (Fig. 4) and had the highest abundance and most similar wetland bryophyte species occurrences (p < 0.05, Fig. 6 ). At the wetland boundary, the hummocks and hollows were less distinct in height difference (23.5 cm) than those in the wetland proper. This lack of height distinction between hummocks and hollows indicates that both are closer to groundwater at this location and may explain the higher frequency of wetland bryophytes on hummocks and the high similarity of hummocks to wetland hollows (Figs. 4 and 5) . The same separation of species distribution is observed in the ecological amplitude of several cryptogam and vascular plant species not only across the upland-to-wetland gradient, but in hummocks and hollows, as shown in the species response curve (Fig. 5) . This distribution pattern is also expressed in wetland bryophyte occurrence. The wetland bryophytes being tested had abundances of 50% or more in 67% of plots in wetland hollows, but 80% of plots in wetland boundary hollows. We conclude that wetland bryophyte distribution patterns are associated with the distinction between hummocks and hollows, indicating that these two landforms should be sampled separately when using the cryptogam indicator.
Strength of the Cryptogam Indicator
A binomial frequency model was used to compute the probability of determining hydrophytic vegetation with our cryptogam indicator by combining data from the hydrologically monitored site for the 25 × 25 cm plots. The frequency of hollow plots with more than 50% test-positive bryophytes was 7% in the upland, 67% in the wetland, and 80% in the wetland boundary. by combining three hollow subplots, the modeled chance of determining hydrophytic vegetation is 1.4% in the upland, 74% in the wetland, and 90% in the wetland boundary. These data suggest that a minimum of three representative cryptogam 25 × 25 cm plots should be selected in hollows for accurately determining hydrophytic vegetation with fidelities ranging from 74% to 90%.
DiSCUSSion
Cryptogam species distributions associated with different black spruce community types have been reported elsewhere for boreal regions in north America (Robinson et al., 1989; Carleton, 1990; Gignac and Dale, 2005; Locky et al., 2005) . These studies do not compare species occurrence in wetlands and uplands, which would be useful for wetland delineation purposes. because wetland delineation boundaries frequently occur within the overall limits of a vegetation community, wetland cryptogam species lists based on associations with vascular plant community classification types lack the reliability needed for a wetland delineation cryptogam indicator. by surveying and analyzing occurrence data for cryptogam species in specific problematic black spruce communities, this study demonstrated a method for developing a list of wetland cryptogam species (Table 4) that can be used to delineate the extent of hydrophytic vegetation limits within certain black spruce problematic wetland vegetation types in Alaska. This approach is different from those used to determine vascular wetland plant indicator status elsewhere.
The vascular plants along the black spruce upland-towetland gradient at Smith Lake were almost entirely wetland species. black spruce and several other widespread wetland species were frequent enough in the upland so that even that portion of the black spruce community still met the criteria for hydrophytic vegetation. Some of these widespread species include black spruce (FACW), Ledum groenlandicum oeder (FACW), Vaccinium uliginosum L. (FAC), Salix planifolia pursh (FACW), Betula glandulosa Michx. (FAC), and Calamagrostis canadensis (Michx.) beauv. (FAC). This is not an unusual situation, and it has been reported on floodplains in Texas and the southern Appalachian region, where FAC species may not be a good indicator of wetland conditions in certain habitats where they are widespread and not associated with some combination of hydric soils or hydrology indicators (Wakeley, 1994; Dewey et al., 2006) . but in Alaska, with its cold soils, which can influence infiltration rates (Ford and Bedford, 1987; Woo and Winter, 1993) and its low evapotranspiration rates, even some of the FACW species in black spruce communities have adapted to other, non-wetland habitat conditions, which reduces their reliability as indicators of hydrophytic vegetation conditions for delineation purposes.
ConCLUSion
Testing the fidelity of wetland cryptogam occurrences against hydrologically monitored positions at Smith Lake did not significantly change the initial pre-selected list from 2004 for the final bryophyte species list. The pre-selected list from 2004 identified 19 potential bryophyte species. After testing, three species were eliminated from consideration and one species was added, making the final list 84% similar to the initial 2004 list of wetland bryophyte species.
on the basis of results of testing the cryptogam indicator for problematic black spruce communities suggested by the Alaskan vegetation Working Group, the cryptogam indicator is modified to:
Cryptogam Indicator = wetland bryophyte cover × 100% total bryophyte cover where wetland bryophyte cover is the sum of the cover of selected wetland bryophytes and total bryophyte cover is the sum of all bryophyte cover. hydrophytic vegetation is present if the cryptogam indicator is 50% or more.
This study was specific to cryptogams in black spruce wetlands in 2004 in the Anchorage and Fairbanks areas. it resulted in 2005 in the ranking of cryptogam species with the highest fidelity, which suggests an alternative approach that could be used for determining the limits of some problematic wetland communities, thus avoiding some problems inherent in assigning indicator ratings to vascular wetland plants. Selection of indicator species using the CRM approach is based on field data and analysis for a specific vegetation type in localized regions. This approach is a more reliable method for finding the hydrophytic boundary than the broader-based wetland plant indicator status rating system, which is based on anecdotal evidence and assigns ratings across a larger region. in other problematic wetland vegetation communities where vascular wetland plant indicator status does not match soil and hydrology indicators, a similar approach could be developed for specific subregions to determine what cryptogam species, or even which vascular species, could determine the hydrophytic portions of these communities.
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